We measure current fluctuations of mesoscopic devices in the quantum regime, when the frequency is of the order of or higher than the applied voltage or temperature. Detection is designed to probe separately the absorption and emission contributions of current fluctuations, i.e. the positive and negative frequencies of the Fourier transformed nonsymmetrized noise correlator. It relies on measuring the quasiparticles photon assisted tunneling current across a superconductor-insulatorsuperconductor junction (the detector junction) caused by the excess current fluctuations generated by quasiparticles tunneling across a Josephson junction (the source junction). We demonstrate unambiguously that the negative and positive frequency parts of the nonsymmetrized noise correlator are separately detected and that the excess current fluctuations of a voltage biased Josephson junction present a strong asymmetry between emission and absorption.
We measure current fluctuations of mesoscopic devices in the quantum regime, when the frequency is of the order of or higher than the applied voltage or temperature. Detection is designed to probe separately the absorption and emission contributions of current fluctuations, i.e. the positive and negative frequencies of the Fourier transformed nonsymmetrized noise correlator. It relies on measuring the quasiparticles photon assisted tunneling current across a superconductor-insulatorsuperconductor junction (the detector junction) caused by the excess current fluctuations generated by quasiparticles tunneling across a Josephson junction (the source junction). We demonstrate unambiguously that the negative and positive frequency parts of the nonsymmetrized noise correlator are separately detected and that the excess current fluctuations of a voltage biased Josephson junction present a strong asymmetry between emission and absorption. Non equilibrium current fluctuations detection is a powerful tool to get informations not accessible by transport experiments on mesoscopic systems [1] . Whereas there are now a number of current noise measurements at low frequencies on different systems, there have been only few measurements in the frequency range 1-100 GHz, which is experimentally more challenging [2, 3, 4] . Such frequencies correspond to the typical energy scales and inverse propagation times involved in most mesoscopic phenomena. They correspond also to the transition to quantum noise, whenhω ≥ eV, k B T . Whereas book knowledge is that the measurable physical quantity in such experiments is the symmetrized noise correlator, i.e. C sym (τ ) = I(t + τ )I(t) + I(t)I(t + τ ) (or alternatively the symmetrized density spectrum S sym (ω) of the noise, i.e. the Fourier transform of C sym (τ )), several recent theoretical works have pointed out that with an appropriate detection scheme, one could measure the spectral density S(ω) [5] of the non-symmetrized noise correlator C(τ ) = I(t)I(t + τ ) [6, 7, 8] . Measuring the non-symmetrized noise means being able to distinguish between emission (ω < 0, energy flows to the detector) and absorption (ω > 0, energy flows from the detector) of the device under test. Experimentally it is difficult to distinguish unambiguously between symmetrized and non-symmetrized noise, partly because what is often measured is the excess noise, i.e. the difference between current fluctuations at a given bias and zero bias. In most systems studied so far at high frequencies (diffusive wire [2] , normal tunnel junction, quantum point contact [8] , Josephson junction at high voltage [4] ) the spectral density of the non-symmetrized excess noise S exc (ω) is an even function of the frequency (S exc (ω) = S exc (−ω)) whenhω ≫ k B T . Consequently, the excess symmetrized noise S exc sym (ω) = S exc (ω)+S exc (−ω) differs only by a factor two (measured in Ref. [4] ) from the non-symmetrized excess noise. Thus excess noise experiments in the quantum regime can usually indifferently be explained by using non-symmetrized or symmetrized noise expression.
To know precisely what quantity is measured in such experiments a noise source with an asymmetric excess non-symmetrized noise is needed together with a good understanding of the detection process. In this letter we show that the current fluctuations due to quasiparticles tunneling across a Josephson junction have a clear and testable difference between absorption and emission noise. This allows us to prove that, with the detection scheme described hereafter, the emission and absorption part of non-symmetrized noise are separately measured.
The device probed in this experiment consists of two small Josephson junctions (estimated capacitance 1 fF) coupled capacitively to each other. Both junctions are made of aluminum (superconducting gap ∆=240 µeV) and embedded in an on-chip environment constituted by resistances (8 Pt wires, R=750 Ω, length=40 µm, width=750 nm, thickness=15 nm) and capacitances (estimated value C C ≈ 750 fF, size : 23×25 µm 2 , insulator : 65 nm of Al 2 O 3 ) designed to provide a good highfrequency coupling between the two junctions (Fig. 1) . The design of the sample is similar to Ref. [4] , with the addition of shunt capacitances (estimated value 500 fF < C S < 750 fF) after the on-chip resistances. Those capacitances act as short-circuits at high frequencies thus isolating the on-chip circuit from the external circuit. Each junction has a SQUID geometry in order to tune the critical current with a magnetic flux. By using different SQUID areas for the two junctions the magnetic flux is adjusted to have a high critical current for one junction and a small one for the other. The junctions will hereafter be called source and detector junction. The sample is measured through filtered lines in a dilution refrigerator of base temperature 20 mK. The detection is performed by studying how the current-voltage char- acteristics of the detector is modified by the presence of the source and its DC polarisation [4] . There have been recently several proposals and/or experiments of similar detection schemes using as detector double-dots [8] , quantum bits [9] , Josephson branch of a superconducting junction [10, 11] .
In the present work we measure the photon assisted tunneling (PAT) quasi-particle current through the detector due to the high frequency current fluctuations of the source. This current can be calculated by considering how the detector characteristic is modified by its electromagnetic environment, i.e. the source junction and the on-chip circuit [4, 8, 12] . Note that such a detection scheme is very general and requires only a detector with a non-linear I(V ) characteristic. For the particular case of a superconductor-insulator-superconductor junction the PAT current I P AT (V D ) of the detector, in the regime eV D ,hω ≫ k B T , is :
with S V (ω) the non-symmetrized spectral density of excess voltage fluctuations at frequency ω across the detector and I QP,0 (V D ) the I(V ) characteristic of the detector when the source is not polarized. S V (ω) is related to the current fluctuations of the source S I (ω, V S ) through the transimpedance Z(ω) determined by the onchip circuitry (S V (ω) = |Z(ω)| 2 S I (ω, V S )). Note that this experiment is only sensitive to the excess noise of the source, its equilibrium noise being accounted for in I QP,0 (V D ). The different terms of Eq. 1 contribute only when the argument of I QP,0 is higher than 2∆/e (i.e. I QP,0 = 0). This defines two regimes of detection. When |eV D | < 2∆ only the first term in Eq. 1 contributes : we are then measuring the emission of the source (Fig. 1A,  left) . When |eV D | > 2∆, all the terms contribute but with a stronger weight for the absorption by the source (Fig. 1A, right) . Note that the measurement sensitivity is similar in emission and absorption. We first present data when |eV S | < ∆, with V S the bias of the source. The high frequency current across the source is then nearly monochromatic and originates from the AC Josephson effect. This current is I(t) = I C sin(2πν J t) with ν J = 2eV S /h the Josephson frequency and I C = π∆/(2eR T ), the critical current determined by the source's normal state resistance R T [13] . In the frequency domain it leads to a peak in absorption at +ν J and one in emission at −ν J . Consequently the spectrum of the current fluctuations of the source is symmetric between emission and absorption. The PAT current through the detector is shown on Fig. 2 . To maximize sensitivity we modulate the source voltage V S and use a lock-in detection technique to measure ∂I P AT (V D )/∂V S . Whereas this quantity is not directly the derivative of the noise of the source ∂S I (ω, V S )/∂V S , both look alike and display the same features, thanks to the sharp BCS density of states near the gap. Figure 2A corresponds to the case where the detector is polarized to be sensitive only to the emission of the source (eV D < 2∆). For Fig. 2B , eV D > 2∆ so the detector is mainly sensitive to absorption by the source. Both curves display a peak in frequency at 2eV S /h, which is expected from the frequency dependence of the AC Josephson effect. This similarity between emission and absorption data reflects the symmetry of current fluctuations. As done in Ref. [4] this signal can be used to extract the value of the transimpedance Z(ω) of the on-chip circuit versus frequency (Fig. 2C) . Despite the careful design of the on-chip circuitry, there is a difference between the measured and predicted transimpedance, which is attributed to not negligible capacitive coupling between electrodes and ground planes, or cross-talk between on-chip elements. The frequency independent peak observed in absorption close to V S = 0 is related to the change of the source junction impedance on the Josephson branch. This slightly changes the impedance Z env of the detector electromagnetic environment and thus the current of the detector [12] .
We now present data taken with the source polarized in the vicinity of the quasiparticle branch (eV S ≈ 2∆). This regime, dominated by the shot-noise of quasiparticles, was considered to be nearly frequency independent in previous studies for bias high compared with 2∆/e [4] . Our data shows a frequency dependence of this noise, both in emission (Fig. 3A) , with a singularity at frequency (eV S − 2∆)/h for eV S > 2∆, and in absorption (Fig. 3B) , in particular with a singularity at frequency (2∆ − eV S )/h for eV S < 2∆. These differences in the data reflect an asymmetry between emission and absorption. The singularities are related, via the I(V ) characteristic of the source, to the superconducting density of states in the vicinity of the gap according to the calculated following expression for the non-symmetrized current fluctuations spectrum due to quasiparticle tunneling (the symmetrized spectrum was derived in Ref. [14] ):
From Eq. 2, in the limit of low temperature, for 0 < eV S < 2∆ there is only absorption noise with steplike singularities (which derivative gives rise to peaks) athω = 2∆ ± eV S , whereas for eV S > 2∆ there are both emission and absorption noise, with a singularity in emission athω = eV S −2∆, and a singularity in absorption at hω = 2∆+eV S (Fig. 4) . This system thus exhibits a very interesting feature in the context of noise detection : the excess current noise has an asymmetry between emission and absorption. Note that at V S = 0 and T = 0, up to frequency 2∆/h there is no absorption noise so that excess noise and noise coincide. At higher frequencies, the excess (absorption) noise can be negative. This feature is beyond our detection range, limited to |hω| < 2∆. For emission (eV D < 2∆), from the transimpedance and the I(V ) characteristic of the detector we numerically calculate the expected signal for the PAT current (dashed lines in Fig. 3 ). Our calculation reproduces accurately the data, and notably the existence of a peak at eV S > 2∆ (source emission) and the absence of peak at eV S < 2∆ (source absorption). Using Eq. 2 one can calculate the symmetrized noise (inset of Fig. 4) . It presents the singularity in the emission noise (eV S > 2∆) described before but also another singularity at frequency (2∆ − eV S )/h, when eV S < 2∆, which is related to the absorption side of the current fluctuations. This singularity is not present in our data for emission, proving that, when eV D < 2∆, only the emission part of the current fluctuations is detected.
The situation is more complicated for the absorption part (eV D > 2∆) because there are two contributions to the excess voltage fluctuations across the detector, leading to a modification of its characteristic I(V D ) with V S : 1) the contribution of the absorption part of the excess current fluctuations spectrum of the source, given by Eq. 2 which leads to a singularity at frequency (2∆ − eV S )/h for eV S < 2∆; 2) the contribution to the excess voltage fluctuations due to the absorption current noise of the resistive part of the on-chip circuitry (S I (ω) = 2hω/(2πR) for a resistance R at T = 0 K). Contribution 2 is not zero due to the change of the impedance Z env (ω) of the detector environment with V S , via the source impedance. The source impedance is significantly modified when eV S ≈ 2∆ (leading to the frequency independent features at V S ≈ 2∆/e on Fig. 3B ) and presents also a high frequency dependence [15] , with a real part given by : σ(ω, V S ) = e I QP (V S +hω/e) − I QP (V S −hω/e) 2hω
leading to a significant change whenhω = ±|2∆ − eV S |.
Whereas the singularity at V S > 2∆/e (line B of Fig.  3B ) is only related to contribution 2, the feature at V S < 2∆/e (line A) results from contribution 1 and 2, which add with different sign. This is supported by numerical calculation (dashed lines on Fig. 3B ), which reproduces qualitatively these features. The signature of the singularity in the absorption of the source junction is the reduced peak amplitude at V S < 2∆/e (line A) compared with the dip at V S > 2∆/e (line B).
In conclusion we have shown in this work that by measuring the PAT current of a superconducting junction we are able to measure separately, and with comparable sensitivities, the contribution of emission and absorption to the non-symmetrized current fluctuations of the source. For this particular detection scheme, the symmetrized current fluctuations are not relevant, because they mix emission and absorption. Whether this is a general property of any current fluctuations detection scheme in the quantum regime is an interesting issue. We also showed that the current fluctuations due to quasiparticle tunneling in a Josephson junction present a strong asymmetry between emission and absorption, with singularities in emission or absorption depending on the bias condition.
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